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Space Station reedom, now der development, is a manned ow Earth orbit 
facility which will become part of the space infrastructure. Starting in the mid 
199Os, Freedom will support a wide range of activities, including scientific 
research, technology development, commercial ventures and, eventually, serve as 
a transportation node for space exploration. While the initial facility will not be 
capable of meeting all requirements, the space station ~ 3 1  evolve over time as 
requirements and on-board activities mature and change. The space station 
design, therefore, allows for evolution to: 

- expand capability, 
- increase efficiency, and 
- add new functions. 

I t  is anticipated that many of the evolutionary changes will be accomplished 
through on-orbit replacement of systems, subsystems, and components as 
technology advances. Therefore, technology development is critical t o  ensure the 
continuing operation and expansion of the facility. 

The Office of Aeronautics, Exploration and Technology (OAET) has sponsored 
development of many of the technologies that are now part of Space Station 
Freedom ' s baseline design. Evolutionary and operational aspects of Freedom 
continue to  be an important thrust of OUT'S Research and Technology (R&T) 
efforts. 

This workshop has been an important step in  our understanding of the space 
station's baseline systems, the evolutionary scenarios including the station's role 
in space exploration, and the technologies that will be necessary to  meet 
evolutionary and growth requirements. 

It is anticipated that application of the information acquired through the 
workshop will lead to further technology development efforts to  benefit Freedom 
and will lead to continued collaboration between the Space Station Freedom 

evelopment community. 

for Aeronautics, Explorati 
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Since the workshop was conducted in January of 1990, there have be 
organizational changes throughout the agency. The Office of Aeronau 
S ace Technology (OAST) has been reor anized to include the former 

Technology (OAET). Also, the Human Exploration Initiative (HEI) h 
expanded and renamed the Space Exploration Initiative (SEI). Some 
materials in these proceedings were prepared after the workshop, and, th 
references to new organizational entities and new programs may be found i 
sections. 

Zxploration and is now called the Of B ice of Aeronautics, Explorati 

ii 



cutive Summary/Overview 
xecutive Summary - 

Assistant Dire 
Aeronautics and S 

Judith Ambrus, Acting 
Space Systems, Office of 

Chairmen's Results 
Attitude Control and Stabilization 
Communications and Tracking 
Data Management System 
Environmental Control and Life Support System 
Extravehicular Activity 
Manned Systems 
Fluid Management System 
Power System 
Propulsion System 
Robotics 
Structures/Materials 
Thermal Control System 

Keynote Address - Dr. W. B. Lenoir, Associate Administrator, 
Office of Space Station 

Mission Requirements and Evolution Scenarios - 
Dr. Earle K. Huckins, 111, Director, Strategic Plans and 
Programs Division, Office of Space Station 

Space Station as a Transportation Node - Jeffrey D. Rosendhal, 
Special Assistant for Policy Office of Exploration 

Importance of Automation - Dr. Henry Lum, ARC 

Overview Material 

Appendix 1 - Final Agenda 
Appendix 2 - Attendees 

i 

1 
5 

23 
39 
59 
85 
103 
119 
141 
157 
179 
197 
235 
247 

269 

279 

305 

343 
a1-1 
A2-2 

iii 



iv 



ffice of Aeronautics and Space 
n technology for space station evo 

Texas. The purpose of this workshop was clarify Space Station 
Freedom technology requirements for evolution and to describe technologies that 
can potentially fill those requirements. OAST will use the output of the workshop 
as input for planning a technolo rogram to serve the needs of space station 
evolution. The man roduct o $K t e workshop is a set of program plans and 
descriptions for indivi ual technology areas. These lans are the cumulative 
recommendations of the more than 300 participants, w ich included researchers, 
technologists, and managers from aerospace industries, universities, and government 
organizations. 

The identification of the technology areas to be included, as well as the 
development of the program plans, was initiated by assigning NASA chairmen to the 
eleven technology disciplines under consideration. The disciplines are as follows: 

Attitude Control and Stabilization (ACS) 

E B 

- Communications and Tracking (C&T) 

- Data Management System (DMS) 

Environmental Control and Life Support Systems (ECLSS) 
- Extravehicular Activity/Manned Systems (EVA/MANSYS) 

- Fluid Management System (FMS) 

- Power System (POWER) 

- 

" Propulsion (PROP) 

- Robotics (ROBOTICS) 

- Structures/Materials (STRUCT) 

- Thermal Control System (THERM) 

Each chairman worked with a panel of experts involved in research and 
development in the particular discipline. The chairmen, with the assistance of their 
panels, were responsible for selecting invited presentations, identiwng and inviting 
Space Station Freedom Level I11 subsystem managers, and focusin the discussion of 
the participants. In each discipline session, presentations descri % ing status of the 
current programs were made .by the Level I11 subsystem managers and by OAST 
program managers. After invited presentations by leading industry, university, and 
NASA researchers, the sessions were devoted to identifyin technology 

technology areas. Particular attention was given to the potential requirements of 
requirements and to planning programs for development of t f e identified 

I 
1 



them into a new QAST 

These proceedings are organized into an Executive Summary and Overview and five 
volumes containing the Technology Discipline Presentations. 

The Executive Summary and Overview contains an executive summary for the 
workshop, the technology discipline summay packages, the keynote address, 
"Mission Requirements and Evolution Scenarios", a presentation on the "Space 
Station as a Transportation Node", and a discussion of the "Importance of 
Automation". The executive summary provides a synopsis of the events and results 
of the worksho , and the technology discipline summary packages are as described 

Space Station, discussed the significance of the space transportation/space station 
infrastructure as the first ste s towards the future of mankind in space. The 

Huckins, III. "Space Station as a Transportation Node" was Dr. Jeffrey Rosendhal's 
description of the status of the Space Exploration Program. Finally, in the 
"Importance of Automation", Dr. Henry Lum explained the significance of systems 
autonomy for space station operations and evolution. The appendices to this 
volume include a final workshop agenda and a list of attendees. 

above. In the P eynote address, Dr. William B. Lenoir, Associate Administrator for 

"Mission Requirements and E volution Scenarios" were described by Dr. Earle 
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For the next 30 years or more, Space Station Freedom (SSF) will be the keystone of the 
space infrastructure. It will serve as a facility for advancing s ace science, a laborato 

and a servicing center for spacecraft. Most importantly, it wil l  serve as t%e 
ground for men e in the space environment with incre 
sufficiency for long d it will ready them €or human explor 
moon and Mars. evolve into the transportation node -- the way 
station -- for those journeys. 

The necessi to fulfill these functions places novel and difficult constraints on the 

orbit. Starting as a multipurpose faciliv, its prim fundions ma change over the 

capability. 

for space technology development, a manufacturing process P aboratory and il 

spacecraft's r esigners. For its lifetime, the space station will have to be maintained on 

years; it will have to adapt to new reqwernents an Y to change an B grow in size and 

Therefore, it is of prime importance that all space station systems be designed to be not 
onl easil maintamed with original spares, but also trans arent to advanced technology 

hand in hand with the spacecraft design, cannot be overemphasized. 

The objective of "Technology €or Space Station Evolution -- A Workshop" was to drive 
out the requirements and the technologies that would enable the space station to: 

an ( Y i s  capa le of expansion. The importance of advance B technology, to be developed 

- become more maintainable, safer, and more capable and 

evolve into the first and key element of the space exploration missions. 

APPROACH 

Eleven parallel workshops were organized along the lines of space station systems and 
elements as follows: 

Power System 
Propulsion System 
Robotics 
Structures Materials 
Thermal d ontrol System (TCS) 

The workshops were chaired by senior experts in the technology disciplines, and the 
requirements were presented by space station system/element managers. The 



The Director of the Space Station Freedom Program, Mr. Richard Kohrs, followed with 
a description of the on oing space station program. Of particular importance to the 
worksho was his h i &  into some technolo issues and challenges. These issues, 
listed be Y ow, received serious consideration in 3 1 topical workshops: 

m design of the attitude control and stabilization system which must enable 

designing the communications and tracking system "right the first time", 

the partially completed space station to remain in orbit; 

since it will be difficult to change; 

the large size of the data management system which requires new 
approaches to the development and verification of software; 

carbon dioxide loops of the life support system open until assembly 
complete; 

- 

- potential problems arising from the decision to leave the oxygen and 

- the need to reduce the EVA man-hours currently projected for 
maintenance; 

- the challenge to ensure adequate redundancy in the fluid management 
system; 

the amount and source of power ( hotovoltaic vs. solar dynamic) and the - 
need to maintain hooks and scars P or growth; 

.. potential resup $v problems arising from the change to hydrazine for the 
auxiliary propu E ion system; 

-. defining the requirements for the Flight Telerobotic Senricer; 

- design and o erational challenges to minimize effects of the 
micrometeoroi B and debris environment, as well as those of shuttle 
docking and plume loads, on the structure; and 

- development of the two-phase thermal control system. 
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workshop participants. 

After three days of debate and deliberation, the participants gathered again for a 
concluding session and presented the results of the topical workshop sessions. 

Attitude Go ntrol and Stab ilizatiorj 

The guidance, navigation, and control system of SSF will have to handle spacecraft 
build-up beyond the baseline. Evaluating the evolution scenarios, the workshop 
participants concluded that advanced control system strategies are necessary to cope 
with the uncertainties in the orbital environment and dynamicall changing spacecraft 
configurations resulting from dockin , build-up, and changing or sbting payloads. The 
technology development areas iden ti! ied as key to the solution are: 

- attitude control technologies for multi-user accommodations, 

flexible body dynamics and controls, - 
- computational control techniques, and 

- technology for autonomous rendezvous and proximity operations. 

Deliverables should include: 

- a proof-of-concept design for an integrated on-orbit flexible body and 
disturbance identification subsystem, including hardware such as a 
distributed fiber optic sensing system and software containing advanced 
modal selection and model reduction methods and 

- prototype relative navigation sensors integrated with GN&C algorithms, 
trajectory control and collision avoidance techniques, on-board flight 
planning, and orbital placement and transfer techniques. 

Communications and Tracking 

The Space Station Freedom will evolve to become the hub of a sophisticated 
communications network that will require a multiple access system to provide 
numerous simultaneous links between various spacecraft operating m different zones. 
This will include proximity, space-to-ground, space-to-space, and potentially space to 
the moon or Mars communications, 

7 



.. traveling wave tube technology, 

sa advanced modulation and coding, and 

- advanced automation for C&T. 

Deliverables would include: 

- demonstration of long life, high modulation rate, high power laser 
transmitters and extremely high sensitivity optical receivers, 

demonstrations of Ka-band MMXC antenna system components, two 
dimensional fast scanning rate Ka-band phased ana antenna, and 

system, 

enhanced data rates, and 

- 
conceptual design of an on-board millimeter wave orbit a3r debris tracking 

- analysis and selection of optimal modulation schemes to provide 

- demonstration/simulation of autonomous system for selected C&T 
funCtiOIlS. 

The workshop also identified several baseline technical issues, including the expected 
interference of the SSF multiple access system with the Ku-band. Secure Ka-band 
allocation with SSF as the primary user was recommended. Baseline insertion of high 
rate fiber optics was also recommended to enable accommodation of the high rate data 
transmission requirements that are anticipated as the station evolves. 

Data Manage rnent Svste m 

The SSF data management system is larger and more complex than any system 
previously developed. It will have interfaces with all ether stauon systems, as well as 
with all user payloads. The users' requirements exceed the planned capacity even in the 
early stages, and it is expected that the demand for higher data rates will necessitate 
growth soon after mature operations commence. 

Technology needs include: 

" improved performance of embedded data processors, 

- improved mass storage, 

- integration of ~~t icomputers ,  
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I display technologies for improved 

Several specific technologies were recommended to address various aspects of 
improving and growing the syste 
integrated systems approach to ensure successful system operation. 

The major concern, however, was adopthg 

At Assembly Complete, the SSF ECLSS will recover potable water via the humidity 
control s stem, re enerate the hygiene and urine water, and regenerate oxygen from 

efficient operation of an ECLSS that could be utilized for human exploration missions 
to the moon and Mars. The highest impact technology areas were identified as: 

carbon (Y ioxide. hr ther  technology advances will .be necessary for long term and 

- crew generated wastes (trash, feces, and brines) processes and 

regenerable water reclamation pre- and post-treatment to eliminate 

reclamation, 

expendable chemicals, 
- 

- simplified waste water processing, 

- improved trace contaminant removal, and 

- real-time microbial analysis of water. 

Deliverables will include breadboard level components and subsystems and 
documentation. The payoff will be in lower resupply and returnable weight and 
volume, improved crew health, and higher maintainabhty. 

The workshop also identified baseline technical issues. It was recommended that 
increased emphasis be placed on systems analysis to identify the highest payoff 
subsystem technologies and on system automation with concomitant sensor 
development. 

EVA/Man Svste mS 

Increased crew performance on SSF will be one of the key elements that can lead to a 
successful exploration mission to the moon or Mars. Technology advancements will be 
necessary to decrease the crew's time spent on routine tasks wthout diminishing their 
skills needed for emergencies, increase the efficiency of acc@rhg new mission-related 
skills, and provide an environment that improves motivabon required for excellent 
performance. The high-payoff technology areas identified at the workshop are: 

- crew-systems interfaces and interactions, 
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w a b i t a b ~ ~  and e n v i r o ~ e n t ~  and 

-  computation^ human factors/analysis tools. 

Technology products r e c o ~ e n d e d  include: 
- 3-D auditory displays, reliable and flexible speech recognition and 

production systems, direct manipulation input devices, and virtual 
workstations; 

- AI/expert systems providing automation transparency, easy operator 
intervention, and robust dynamic task allocation capabihties; 

- embedded training techniques for systems and payloads; and 

- demonstrations of advanced ORU concepts, systems interfaces 
accommodating humans and robots, and inventory management systems. 

Fluid Management System 

Fluid management has been identified as one of the enabling technologies for space 
exploration. The evolving SSF fluid management s stem can, therefore, serve as a 

The major areas of emphasis have been identified as: 

testbed to answer many of the key questions m this tec L ology area. 

dumping/venting/emergency relie P , and 

- subcritical cryogenic storage and transfer, 

- fluid handling, including li uid slosh dynamics and liquid 

component and instrumentation for fluid sampling/species identification, '. 

leak detection, and on-orbit calibration. 

Deliverables are subcomponents, components, and subsystems that are ground and 
flight validated and lead to: 

- s stem performance data and validated analytical models that provide 
&sign criteria. 

J3&5!!x 
The Space Station Freedom Program has chosen a photovoltaic power system with 
nickel-hydrogen battery energy storage and a 120V DC power distribution system. This 
is the only system for which a growth option is promded in the baseline, Le., solar 

c system development can be accelerated to meet increased power requirements 
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orkshop i ov 
system: 
s advanced, more efficient solar arrays to reduce increase 

performance, and 

- increased autonomy to facilitate power sharing among multiple users. 

e preferred growth option, solar dynamics, would benefit primarily from technologies 
leading to more efficient, lighter weight receivers and thermal energy storage. 

Technology products to be delivered in this area include: 

" production-ready advanced solar cells (such as the 19% efficient 

verified 60,000 cycle (ten year) lifetime nickel/hydrogen cells, and 

data packages and subscale hardware that facilitate the design of the 

GaAs/Ge cells), 

- 
- 

receiver/thermal energy storage system. 

ProDulsion 

The s ace station baseline includes monopropellant hydrazine thrusters for backu 
attitu B e control and reboost, aided by resistojets utilizing waste gases from the ECLS8. 
The evolution scenario calls for the modular propulsion system to be replaced with a 
hydrogen/oxygen system. 

Workshop participants called for lans for advanced hydrazine, as well as storable 
bipropellant, pro ulsion systems. 'hey concluded, however, that the major emphasis 
should be place B on advancinp the hydrogen/oxygen systems as rapidly as possible, 
since no other technological mprovement in the propulsion area could equal the 
logistics resupply and fluid management integration payoff of the hydrogen/oxygen 
system. 

The following technologies have been pinpointed as critical: 
.. high ressure water electrolysis that would allow propellants to be 

man s actured on orbit and 

- waste fluid disposal, including advanced resistojets, arcjets, vaporizers, 
and gas compressors. 

Deliverables include: 

.. preprototype or prototype components and 

- flight demonstrations, as needed. 
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The workshop identified four technology categories: 
- cross cutting and systems wide research, including systems engineerin 

three-dimension a r  real-time perception; 

advanced research in selected, critical areas; 

processes for inte ated robotics, man/machhe cooperative control, an 8 
- 
- application-specific research; and 

- "other", which includes primarily a constant, vigilant oversight of the on- 
going program. 

The workshop articipants laid out program plans and deliverables, as requested. It 

meaningful to pinpoint components for development without first performing a detailed 
systems engineemg evaluation of the entire space station operations and evolution 
scenario. It is su ested, therefore, that processes for systems engineering and 

defined. 

does, however, I& eg the question as to whether, with such a vast technology area, it is 

continuing oversight 9 e established before specific technology development plans are 

The features that distinguish Space Station Freedom from any other spacecraft are: 

- its assembly on orbit, 

0 its lifetime, and 

- its physical size. 

These attributes make advanced technologies in space construction, space-durable 
materials, and controls/structures interaction mandatory aspects of any R&T program 
aimed at the growth of the space station arid space exploration. 

SSF is going to be the first spacecraft assembled on orbit, but not the last. Present 
plans call for assembly by EVA, advanced research must find wa s to deploy structures 

joints or welding. Freedom will have to serve as a testbed for controls/structures 
mteractions, since the dynamics of the structure with flexible manipulators, interactions 

or erect them robotically, as well as find new assembly metho C L  , such as mechanical 
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of on-board fluid 

Advanced technologies shoul 
environmental inspection and 
structurally robust long life and 
must include environmentally 
applications, as well as processes 

The workshop participants identified a number of important issues: 
- future in-space construction must minimize EVA, 

the dynamics of station and the performance of attached controlled 

materials databases for space applications and on-orbit NDE science are 

- ground-based environmental simulations and test methods are 

developing and demonstrating in space the proper rnix of EVA, robotic, 

developing a well-verified modeling capability for the dynamics of the 

acquiring improved structures input to the development of proposed 

- 
payloads and manipulators will become increasingly complex as station 
evolves; 

poor; and 

madequate. 

- 

The recommendations to alleviate these problems include: 

.. 
deployment, and modular assembly technology necessary for EVA 
minimization; 

evolving station; and 

configurations for growth. 

- 

- 

Thermal Management 

The resent baseline calls for pumped-loop cooling internal to the pressurized modules 

thermal mana ement system is not yet fully developed, and several fhght experiments 
are planned. 8 the demand for increased power is one of the first evolutionary steps as 
expected, heat rejection capability will have to grow concurrently. 

The major issues identified with utilizing the baseline technology for evolution and 
growth are: 

and P or two-phase heat transport and radiators externally. The large capacity two-phase 

" an unacceptable increase in radiator sweep volume9 

orbiter manifesting penalties associated with the weight and volume, 

" increased EVA time, 

- 

13 



- 
- 

e workshop participants i d e n ~ e d  key technologies necessary to evolve the thermal 
management system to: 

- decrease the heat rejection system size, 

increase capability for heat acquisition and transport, - 
- assemble external components robotically, 

- develop essential analytical tools. 

- monitor, control, and detect and isolate faults autonomously, and 

SUMMARY 

Certain overridin themes emer e from a review of the stated goals and the results of 
this endeavor. &ere is no dou t that, in a technology development pro am focused 
on space station evolution leadin to space exploration, the hig est priority 

Many topical workshops called for increased systems autonomy, including fault 
detection and isolation, to enable the crew to spend more time on non-routine tasks. 
Hand-in-hand with these recommendations go the almost unanimous re uirements for 

time, aid the crew in external maintenance, perform additional construction tasks, and 
aid in the placement of payloads. A significant aspect of both of these technologies is 
the need for advanced man/machine interfaces. 

Another important aspect of human performance is the requirement for advanced, 
closed-loop life sup ort. Commitment to long-duration, manned s ace exploration 

water contaminant monitoring and control has been thoroughly tested on Space Station 
Freedom. Life support system technologies, such as on-board processing of brines and 
solid wastes and the development of regenerable contaminant control subsystems, are 
also tied to the need to reduce o erational costs by reducing the required logistics 
resupply. An essential advanced J e  support system component is a water electrolysis 
subsystem, which would regenerate oxygen from surplus water. This component could 
also be used for generating fuel on orbit for an advanced propulsion system, thereby 
cutting logistics resupply weight. 

Another category of critical technologies is coupled to the requirement for physical 
growth of the space station to accommodate transportation node or satellite servicing 
demands. This cate ory is control/structure interactions, and the priority is to learn to 
control the spacecr& structure under constantly changing and shiftmg load conditions. 

f! i? 
technologies must be those related to a uman performance. 

more maintainable components in every subsystem and for robotics to 1 ecrease EVA 

missions can be ma B e only if a truly closed life support system inch & g trace air and 
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This workshop has been the first of many steps required to derive a lan to maximize 

however, an important and productive start that will pay off in major contributions to 
the low Earth orbit infrastructure that this nation is building. It will help us achieve our 
oal of extendin human presence beyond our planet and will help Space Station 

%reedom to reap % enefits for science, technology, and commerce and to become a way 
station to the worlds beyond. 

the benefits of advanced technology for space station evolution an B growth. It was, 

H. Ambrus 
Director for Space Technology (Space Station) 
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TUESDAY. JANUARY 16. 1990 

8:OOam - 12:OON 

8:OOam - 8:15am 

8:15am 

8:45am 

9:OOam 

9:45am 

- 8:45am 

- 9:OOam 

- 9:45am 

- 10:15am 

10:15am - 10:45am 

10:45am - ll:15am 

ll:15am - 11:45am 

11:45am - 12:OON 

PLENARY SESSION 

Welcome 
Arnold D. Aldrich 
Associate Administrator f o r  Aeronautics and 
Space Technology 

Keynote 
Dr. William B .  Lenoir 
Associate Administrator f o r  Space Station 

Workshop Overview 
Dr.  Judith H .  Ambrus 
Acting Assistant Director for Space, 
Large Space Systems 
Office of Aeronautics and Space Technology 

Space Station Phase I Configuration 
Richard H .  Kohrs 
Director, Space Station Freedom 

BREAK 

Mission Requirements and Evolution Scenarios 
Dr. Earle K. Huckins, I I I  
Director, Strategic Plans and Programs 
Office of Space Station 

Space Station as a Transportation Node 
D r .  Jeffrey Rosendhal 
Special Assistant for  Policy 
Office of Exploration 

Importance of Automation 
Dr. Henry Lum, Jr.  
Chief, Information Sciences Division 
NASA, Ames Research Center 

Workshop Instructions 
Dr . Roger B rec ke nr idg e 
hanager,  In-Space Technology Office 
Space Station Freedom Office 
NASA,  Langley Research Center 



TUESDAY. JANUARY 16. 1990 (e  ont'd) 

12:OON - 1:30pm LUNCH 

Luncheon Speaker 
James B. Odom 
President, CEO 
Applied Research, Inc. 

1:30pm - 6:OOpm ELEVEN DISCIPLINE BREAKOUTS 

ATI'ITUDE CONTROL AND STABILIZATION 
COMMUNICATIONS AND TRACKING 
DATA MANGEMENT SYSTEM 
ECLSS 
EVA/MAN SYSTEMS 
JXUID MANAGEMENT SYSTEM 
POWER SYSTEM 
PROPULSION 
ROBOTICS 
STRUCTURES/MATERI ALS 
THERMAL CONTROL SYSTEM 

1:30pm - 3:OOpm Current Station Subsystem Design 
Level I I I  Managers 

3:OOpm - 3:30pm BREAK 

3:30pm - 4:30pm Current OAST Program Overview 
OAST Program Managers 

4:30pm - 6:OOpm Invited Speakers 

A I - 2  



WEDNESDAY. JANUARY 17, 1990 

8:OOam - 5:30pm ELEVEN DISCIPLINE BREAKOUTS 

ATTITUDE CONTROL AND STABILIZATION 
C O ~ C A ~ I O N S  AND TRACKING 
DATA MANAGEMENT SYSTEM 
ECLSS 
EVA/NLQN SYSTEMS 
FLUID MANAGEMENT SYSTEM 
POWER SYSTEM 
PROPULSION 
ROBOTICS 
STRUCTURES/M ATERIALS 
THERMAL CONTROL SYSmM 

8:OOam - 10:OOam Panel Discussion of Space Station System Needs 

10:OOam - 10:30am BREAK 

10:3Oam - 12:OON Panel Discussion of Projected Technology Advances 

12:OON - 1:OOpm LUNCH 

1:OOpm - 3:OOpm Workshop Discussions 

3:OOpm - 3:30pm BREAK 

3:30pm - 5:30pm Workshop Discussions 

A 1 - 3  



THURSDAY. JANUARY 18, 1990 

8:OOam - 5:OOpm ELEVEN DISCIPLINE BREAKOUTS 

ATTITUDE CONTROL & S 
COMMUNICATIONS & TRACKING 
DATA MANAGEMENT SYSTEM 
ECZSS 
EVAMAN SYSTEMS 
FLUID MANAGEMENT SYSTEM 
POWER SYSTEM 
PROPULSION 
ROBOTICS 
STRUCTURESN ATERIALS 
THERMAL CONTROL SYSTEM 

8:OOam - 10:OOam Workshop Discussions 

10:OOam - 10:30am BREAK 

10:30am - 12:OON Workshop Discussions 

12:OON - 1:OOpm LUNCH 

1:OOpm - 3:OOpm Workshop Committees Prepare Reports 

3:OOpm - 3:30pm BREAK 

3:30pm - 5:OOpm Workshop Committees Prepare Reports 

A 1 - 4  



FRIDAY. JANUARY 19. 1990 

8:OOam - 12:OON PLENARY SESSION 

8:OOam - 9:15am Presentation of Workshop Reports 

Attitude Control and Stabilization 
Communications and Tracking 
Data Management System 
ECLSS 
EVA/Man Systems 

9:15am - 9:45am BREAK 

9:45am - 11:15am Presentation of Workshop Reports 

Fluid Management S y s tem 
Power System 
Propuls ion  
Robotics 
S t ructures/Mater i  a1 s 
Thermal Control System 

ll:15am - 12:OON Workshop Wrap-up 

12:OON ADJOURN 

A 1 - 5  
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Asher, Jim 
Aswani, Mohan 
Austin, Frank H. 
Avans, Sherman L. 
Aydelott, John 
Ayers, J. Kirk 
Baird, R.S. 
Baker, Mary C. 
Barry, Tom 
Batten, Bobby G. 
Bechtel, Bob 
Behrend, A\ 
Bendett, Mark 
Benz, Harry F. 
Bercaw, Robert 
Berry, William E. 
Blackburn, Greg C. 
Blevins, Donald R. 
Bogus, Drew 
Borden, Don 
Bowles, David E. 
Brandhorst, Henry 
Brooks, Thurston 
Brown, Barbara 
Brown, Robert H. 
Brown f ie Id, Jay 
Butler, Jr., John An. 
Calogeras, James 
Cardin, Joe 
Carnes, James Ray 
Cassell, Sean 
Chen, Angela 
Cheyney, Clay 
Chung, Tae-Sang 
Cirillo, William M. 

Nasa LeRC 
NASA,JSC 
Garrett Fluid Systems 
Parker Hannifin Corp. 
Aerospace Corp. 

NASA MSFC 
NASA LeRC 
Lockheed 

Texas Tech University 

NASA LaRC 

NASA, JSC 
Honeywell, Inc. 
NASA1 La n g I e y 
NASA LeRC 
NASA, ARC 
N ASA/J S C/E F2 
JSCIEP 
Allied-Signal 
Motorola, Inc. 
NASA LaRC 
NASA LeRC 
NASAIGSFC 
NASA, KSC 
McDonnel Douglas 
Allied-Sig nal, GFSD 
NASA, MSFC 
NASA/Lewis 
Moog Inc. 
Boeing 
Ford Aerospace 
McDonnell Douglas 
MOOG - Space Products 
University of Kentucky 
NASA LaRC 

NASAISSS-1 

NASA - JSC 

NASA- J S CIE H3 

MSFC - EB 11 
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DAndrade, Jim 
Dahlstrom, Eric 
Dalton, Danny A. 
Damsky, Steven 
Davis, Bill 
Davis, Tom 
Dell, Jim 
DeRyder, L.J. 
Deskevich, Joe 
Dewberry, Brandon 
Diamant, Bryce L. 
Dickinson, David W. 
Dietz, Reinhold H. 
Digulla, Wendy J. 
DiPirro, Mike 
Djinis, William 
Dochat, George R. 
Doiron, Harold 
Dollman, Tom 
Domeniconi, Mike 
Dominick, §am 
Dorland, Wade D. 
Dunkelberger, Bill 
Ebbrhardt, Ralph 
Eckle, John J. 
Edgell, Jo 
Eisenberg, AI 

Evanich, Peggy L. 
Evans, Steve 
Fisher, Tom 

C 

Analytic Service, Inc. 
ILC Dover, Inc. 
Lockheed Engineering 
NASA, GSFC 
GRC 
Boeing Computer Services 
NASA, KSC 

NASA Langley 
Grumman 
NASA MSFC 
McDonnell Douglas 
Ohio State University 
NASA, JSC 
NASA, KSC 
NASNGSFC 
NASA HQ 
Mechanical Jechnology Inc 
McDonnell Douglas 
NASAMSFC 1 

Ford Aerospace 
Martin Marietta 
Wyle Labs 
United Technologies/USBi 
Martin Marietta 
Boeing 
U. of Alabama, Huntsville 
McDonnell Douglas 
SatCon Tech Gorp 
NASA, JSC 
JPL 

Rocketdyne 
Lockheed 

W - ESD 

NASA - OASR 
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Gangal, Mukund 

Gerber, Jr., Andrew J. 
Ghassemi, Parviz 
Giffin, Geoff 
Giuntini I Ronald 
Glover, Cynthia 
Goldman, Jeff 
Gonzalez, Tony 
Gould, Marston 
Gould, Patricia E. 

’ Griffin, Charles H. 
Griffiths, Ron 
Grohowski, Jim 
Grupe, David 
Hadaegh, Fred Y. 
Hall, Jack 
Hampel, Daniel 
Hansen, Irv 
Mastings, Leon 
Hattis, Philip 
Hay, Robert E. 
Hayduk, Robert J. 
Hayes, Paul J. 
Heard, Doug 
Henderson, John B. 
Hennig, Jay 
Hitchens, G. Duncan 
Ho, Frank 
Hoggard, Walter C. 
Hoggatt, John T. 
Hollars, Michael G. 
Holloway, Reggie M. 
Holt, Alan C. 
Horne, Ed 
I-lousner, Jerry M. 

JPUSSFPQ Level I I  
Boeing 
Fairchild Space Company 
Booz-Allen 
NASA HDQS 
W y I e La bo rat0 ries 
Rockwell International 
Foster-Miller 
Fairchild - Manhattan CA Bch 
NASA LaRC 
MITRE 
NASA, KSC 
Foster M iller 
Westinghouse Space Division 
QIin Rocket Research 
JPL 
NASA - Reston 
GE Aerospace 
NASA LeRC 
NASA MsFC 
C. S. Draper Lab. 
Motorola 
NASA HQ 
NASNLaRC 
NASA LaRC 
NASAiJSC 
M3oG 
LYNNTECH 
Applied Solar Energy 
NASA LaRC 
Boeing 
Ford Aerospace 
NASA LaRC 
NASA SSFPQ/Reston 
Boeing Go. 
NASA LaRC 
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Johnson, Anngienetta R. 
Jones, Lee 
Jones, Michael 
Karlheinz, Haag 
Karr, Gerald R. 
Kaszubowski, Martin J. 
Keckler, Claude R. 
Kelley, Jim 
Kessler, Donald J. 
Kish, Jim 
Klusendorf, Roy E. 
Kolecki, Joseph 6. 
Kondis, Peter 
Kosmo, Joe 
Kowitz, Herbert R. 
Kozak, Dave 
Kramer, James J. 
Kumar, Renjith R. 
Kurdila, Andrew J. 
Lamparter, Richard 
Larson, Vernon R. 
Lee, Bill 
Lee, John F.L. 
Lee, Roscoe 
Lepanto, Janet 
Lewis, Jim 
Liggett, Mark 
Lin, Chin 
Lin, Jiguan Gene 
Little, Frank E. 
Liu, Yuan-Kwei 
Llewellyn, Charles P. 
Lowry, Philip 
Lundstrom, Stephen F. 
Manering, Mark 

OAST/NASA 
NASA/ R e s t o n 
NASNMsFC 
MDSSC 
DLR 
Univ. of Alabama (Huntsville) 
CTA, Inc. 
NASA LaRC 
JPL 
NASA, JSC 
NASA LeRC 
Spar Aerospace 
NASA/Lewis 
Rockwell International 

NASA, LaRC 
ASEC 
Univ. of Alabama (Huntsville) 
AMA, Inc. 
Texas A&M Univ. 
Lockheed 
Rocketdyne 
Fairchild Control 
Honeywell, Inc. 
TRW 
C. S. Draper Lab. 

General Dynamics 
NASA, JSC 
Control Research Corp. 
Texas A&M Univ. 
NASA/ARC 
AMAlLaRC 
General Dynamics 
PARSA 
McDonnell Douglas 
NASA, KSC 

NASA- JSCIE 63 

NASA-J SCIS P 
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Mitchell, Fred 
Morvano, Joe 
Myron, Don 
Nagy, Kornel 
Newsom, Jerry R. 
Nichols, Hugh 
Nichols, Jay A. 
Nored, Donald L. 
OHair, Ed 
Olsson, Eric 
Olstad, Walter B. 
Oran, William A. 
Ostrom, Lee 
Parker, Ken 
Parlos, Alexander 6. 
Patterson, Bob 
Peterson, Bud 
Petrozzi, Mike 
Pinkerton, Robb 
Pinson, Larry D. 
Pirri, Tony 
Pi szczo r , M ic h ael 
Plotkin, Henry H. 
Poley, William A. 
Provost, David E. 
Purves, Robert Byron 
Putnam, David F. 
Quaid, Thomas B. 
Radtke, Robert 
Raffi, Rhonda 
Rascoe, Dan L. 
Ray, Charles D. 
Redd, Bass 

Tedinion, Inc. 
NASA/Lewis 
Boe i ng/Seat tl e 
JPL 
NASA LaRC 
McDonnell Douglas 

Boeing 
NASA, JSC 
NASA LaRC 

Rockwell International 
NASA LeRC 
Texas Tech University 
Lockheed 
Lockheed 
Bendix Corp. 
EG&G, Idaho 
AIRESEARCH 
Texas A&M Univ. 
TRW 
Texas A&M University 
Fai rc h i Id 
SS E I C/Ford Aerospace 
NASA LaRC 
Physical Sciences, Inc. 
NASA/Lewis 
NASA, GSFC 
N AS A/Le w i s 
NASNGSFC 
Boeing 
UMPQUA 
Motorola 
Tracor Applied Sciences 
SatCon Tech Corp 
JPL 
NASA MSFC 
Eag le Engineering 

MDSSC-SSD 

MDSSC - KSC 
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Auburn University 
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Rocketdyne 
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Life Systems 
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Shason Microwave 
C. S. Draper Lab 
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RockwelVSTSD 
General Dynamics 
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JPL 
ILC Space Systems Division 
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